Abstract Differentiated thyroid cancers (DTC) are seen with increasing incidence in clinical practice. These tumours have good prognosis and the extent of surgery can be tailored to the size and pathological characteristics of the lesion. Historically total thyroidectomy was the recommended procedure for tumours >1 cm; however, current recommendations suggest a more conservative approach. This review focuses on the evolution of the extent of surgery in differentiated thyroid cancer.
Introduction
Differentiated thyroid cancers (DTC) arising from follicular cell origin include papillary, follicular and Hurthle subtypes. These constitute over 90% of thyroid malignancies with papillary carcinoma thyroid being the most common pathology. There is a steep rise in incidence of DTC especially papillary carcinoma thyroid in the recent decade. Studies have shown an increase in micro papillary as well as tumours measuring 1-4 cm in size. Surgery is the main treatment modality in management of DTC. However opinions are divided regarding extent of surgery especially in low-risk group patients.
Papillary carcinoma thyroid has excellent outcomes with less than <10% patients expected to die of the disease in 10 years or more. There exists no randomised trial to study the outcomes of different treatment modalities. Most of the current recommendations are made on retrospective data. There are various single institution reviews, which have accurate surgical, treatment and outcome data but have limited numbers. Multi-institutional database studies have a large number of patients, but the data collected in terms of treatment, extent of surgery, histopathological features and outcome are incomplete. The purpose of this article is to review the outcomes with regard to the extent of thyroidectomy in differentiated thyroid cancer.
Rise in Incidence
With the increasing use of office ultrasound, there has been an increase in the diagnosis of thyroid nodules particularly the so-called Bincidentalomas^. Davies et al. in 2002 [1] evaluated patients with thyroid cancer using the Surveillance, Epidemiology and End Results (SEER) program and data on thyroid cancer mortality from the National Vital Statistics System. He showed a 2.4-fold increase in incidence of thyroid cancer from 3.6 per 100,000 in 1973 to 8.7 per 100,000 in 2002. The majority consisted of tumours measuring 1 cm or smaller. They attributed the increasing incidence of thyroid cancer to increased detection of small papillary cancers by enhanced neck imaging. However, this may not reflect a true increase in incidence. Other authors differed in this regard by showing an increase in the incidence of DTC based on epidemiological data. Chen et al. in 2009 [2] analysed patterns of incidence in DTC by size, age, race and sex using the National Cancer Institute's surveillance epidemiology and end results dataset. The study showed an increase in incidence of DTC for all sizes and also of distant disease, suggesting that the reasons for increase in incidence including environmental, dietary and genetic causes need to be explored. With regard to the increase in the number of larger tumours, Morris et al. [3] detailed a population-based analysis of incidence trends in welldifferentiated thyroid carcinoma in the Surveillance Epidemiology and End Results (SEER) cancer registry. He showed a 2-fold increase in the incidence for large DTCs, including those >4 or >6 cm, tumours with extrathyroidal extension and with cervical metastases. This suggests the need to identify an alternative hypothesis to explain the true increase in cancer incidence. So, it may seem from the current trends that there exists an increase in the diagnosis of differentiated thyroid cancers across different stages.
Papillary Microcarcinoma-More or Less?
Differentiated papillary thyroid cancers <1 cm in size are classified into micropapillary carcinomas. Their clinical behaviour has been disputed with arguments for and against their indolent behaviour. The earliest report of the outcomes of papillary microcarcinoma thyroid came from Hay's group at the Mayo clinic in 1992 [4] . They published their initial results of outcomes of papillary micro carcinomas in 535 patients. Thirty-two percent (32%) of their patients had nodal metastasis. A majority of their patients (91%) underwent total thyroidectomy. However, local recurrences were commoner in the lobectomy group. In 2008, Hay's group again published the results of 900 papillary microcarcinoma patients [5] . Their results showed that patients who had multi-focal tumours and node positivity had a higher recurrence rate. Also, they did not find that surgery more than a lobectomy or RIA reduced the recurrence rates compared to lobectomy alone. Lee and colleagues in 2014 [6] compared patients who underwent lobectomy and total thyroidectomy for papillary micro carcinoma with central compartment neck dissection. After adjusting for clinicopathological risk factors, there was no difference in the risk of death and loco regional recurrence. Hence, they recommend that a lobectomy is sufficient and a wait and watch policy after lobectomy is acceptable for micropapillary carcinoma.
While recent reports of multifocality in papillary carcinoma suggest a more aggressive pathological presentation and behaviour, the multifocality in papillary micro carcinoma is less aggressive. In a study of 1391 patients with papillary microcarcinoma of the thyroid from Austria [7] , the authors found that even multifocal microcarcinomas can be managed safely with limited thyroidectomy. Nodal metastasis was rare, and even if recurrences occurred, it could be managed safely with lymphadenectomy.
Evolution of Surgery-A Case for Total Thyroidectomy?
Surgery is the main cornerstone in the management of DTC. The current ATA [8] recommends two types of surgeries for DTC namely hemithyroidectomy (lobectomy) and total thyroidectomy. There has been a constant debate regarding the type of surgery based on the tumour size. The recent ATA guidelines mentions that for a low-risk thyroid cancer less than 4 cm, a lobectomy may be considered with a total thyroidectomy reserved for patients with >4-cm tumour. Prior to the 2015 ATA guidelines, literature recommended a total thyroidectomy for DTC especially for tumours >1 cm. One of the early reports supporting this recommendation came from Mazzaferri's group in 1977 [9] . They analysed outcomes of 576 patients who were treated at US air force medical service and found that cancer-related death and recurrence was higher in patients who underwent less than total thyroidectomy. The series was updated in 1994 [10] to include 1355 patients treated both in the US Air Force and Ohio State University Hospital. Again, the study demonstrated a link between more aggressive primary surgery and improved outcomes. The main limitations were that the study was multi-institutional, and treatment modality was not standardised across all patients. The patient groups were not stratified by age, histology and extent of disease. Seventeen percent (17%) of patients underwent less than lobectomy making comparison between the groups difficult. This study provided strong data supporting total thyroidectomy as standard of care for DTC. They stressed that following radio iodine ablation (RIA), whether given for thyroid remnant ablation or cancer therapy, recurrence and the likelihood of cancer death were reduced by at least half, despite the existence of more adverse prognostic factors in patients given I-131.
Hay and colleagues from the Mayo clinic [11] reported the outcomes in 1685 low-risk AMES (age, extent, metastasis and size) patients operated between 1940 and 1991 and showed that there was no difference in the cause specific mortality in the patients who underwent lobectomy, but there was a significantly higher loco regional recurrence. Hay's group also took into account the use of RIA in the total thyroidectomy group in their analysis. They showed that patients with node negative and intra thyroid tumour, who had lobectomy, had seven times greater risk of loco regional recurrence compared to the total thyroidectomy group at 20 years.
The previous American Thyroid Association (ATA) 2009 guidelines recommended [12] Ba total thyroidectomy for all lesions over 1 cm in size and lobectomy reserved only for the smallest tumours in the absence of any other risk factors^. These guidelines were based on National Cancer Database outcomes reported by Bilimoria in 2007 [13] . The study included 50,000 patients with DTC. Patients were grouped into lobectomy and total thyroidectomy, and their outcomes were analysed with respect to size of tumour and extent of surgery.
The study showed that 10-year recurrence rate increased with increasing tumour size and was 7.7% in total thyroidectomy group and 9.8% for lobectomy group. Ten-year survival rates declined with increasing tumour size and were significantly higher for total thyroidectomy group. For patients with <1-cm tumour, there was no difference in recurrence or survival between the groups, while tumours with >1 cm dimension were associated with 15% higher risk of recurrence and 31% higher risk of death. This is one of the largest studies to have analysed outcome of DTC with relation of tumour size. However, there were several criticisms to this study. Being a multiinstitutional study, the true extent and completeness of surgery could not be commented upon. Standards of treatment modality might not have been uniform as TSH suppression details were not mentioned. Fifty-six percent (56%) of patients in total thyroidectomy group did not receive RIA. High-risk histologic features were not mentioned in the study. Preoperative imaging characteristics were not recorded; hence, contralateral lobe involvement in lobectomy group cannot be assessed. The lobectomy group contained patients with nodal disease also. Recurrence in the study considered locoregional recurrences and were not separated to local and regional recurrences.
A recent meta-analysis was performed by Macedo in 2015 [14] with 305 published articles from literature. He concluded that because of the few mortality events, no conclusion could be made about the benefit of either surgical procedure, but noted a trend towards lesser mortality in total thyroidectomy.
Proponents of total thyroidectomy state that the risk of finding contralateral lobe tumour in total or completion thyroidectomy is high with the range between 20 and 40% [15, 16] . However, these tumours could be micro papillary carcinomas. These contralateral tumours have no adverse effect on outcomes if they are treated adequately with surgery and postoperative radio iodine ablation [17] .
Recently, Kluijfhout et al. [18] analysed pathological data from three different centres. In their study of a 1000 patients, who underwent total thyroidectomy for 1-4-cm tumours, 287 patients would have been eligible for a lobectomy as per ATA. But on analysis of the pathological data, 43% of patients would have required a completion thyroidectomy for reasons of aggressive histology (3%), vascular invasion (12%), positive central nodes (17%), positive margin (18%), extra thyroidal extension (17%) and ipsilateral multifocality (25%). Also, if the analysis was restricted to patients with 1-2-cm tumours, 36% would have required a completion thyroidectomy. When patients with pre-operative bilateral nodules were excluded, 48% of the patients would still require a total thyroidectomy based on the histopathological features. So, the authors caution that the risks of lobectomy versus the need for completion thyroidectomy should be considered when the initial surgery is planned.
A summary of the above-mentioned studies is in Table 1 . 
Studies Supporting the Safety of Lobectomy
The recommendations to perform lobectomy in a low-risk patient are borne out of the fact that the disease rarely causes mortality and these patients do not require RIA or intensive follow-up. In 1976, Cady et al. [19] reported results of 792 patients who were operated at Lahey Clinic for well differentiated thyroid cancer (WDTC). Their work suggested no improvement in survival resulting from excision of a seemingly uninvolved contralateral lobe. Hay and colleagues [20] from the Mayo Clinic analysed their outcomes in 860 patients with PTC. They found that for patients with low-risk disease, total thyroidectomy did not result in improved outcomes when compared with lobectomy.
In 1993, a matched pair analysis of older patients with disease limited to the gland who underwent total thyroidectomy versus lobectomy at Memorial Sloan Kettering Cancer Center demonstrated no advantage of more aggressive surgery, with the authors concluding that thyroid lobectomy should be used selectively in tumours less than 4 cm in size, limited to the gland and without evidence of disease in the contralateral lobe [21] .
A multivariate analysis of the SEER data base was done by Mendelsohn et al. [22] which included a cohort of 20,000 patients. The study found that the extent of thyroidectomy conferred no survival benefit after adjusting for the tumour size. This was excluded in previous population-based studies. Also, the study has shown that advanced age, increased tumour size, extrathyroidal extension, and regional and distant metastasis significantly affect disease-specific and overall survival.
Recently, Adam and colleagues [23] used the National Cancer Database between to examine the survival benefit of total thyroidectomy in tumours between 1 and 4 cm. They identified 61,775 patients and concluded that there was no survival benefit associated with a total thyroidectomy in these tumours.
The current American Thyroid Association guidelines [8] recommends BPatients with unifocal tumours <4 cm and no evidence of extra thyroidal extension or lymph node metastasis by examination or imaging, the initial surgery can be either bilateral procedure or unilateral procedure (lobectomy)^. However, the treatment team may choose total thyroidectomy to enable RIA therapy or to enhance follow-up based upon disease features and/or patient preferences. This is based on a single institution study by Nixon et al. [24] in 2012. The study included 1810 patients treated at MSKCC between 1986 and 2005. Analysis showed that age >45 years and male gender were independent predictors of poorer outcome, whereas T stage and extent if surgery was not. Total thyroidectomy group and lobectomy group showed no difference in local recurrence or regional recurrence. Among the lobectomy group, in the patients who underwent completion thyroidectomy, only 2.7% had contralateral disease. This being a single institution study extent of surgery, histology features and use of RIA are all standardised. But, the study lobectomy group were younger than total thyroidectomy group, which may account for the better outcomes.
Three reasons have been used to justify a total thyroidectomy. First was the appearance of tumours in the contralateral lobe. This was studied by Matsuzu and colleagues [25] in 2014 in their cohort of 1088 patients. They reported that the remnant-thyroid recurrence-free survival (RT-RFS) rate, the regional-lymph-node recurrence-free survival (L-RFS) rate and the distant-recurrence-free survival (D-RFS) rate as of 25 years after surgery were 93.5, 90.6 and 93.6%, respectively. The cause-specific survival (CSS) rate at 25 years was 95.2%. They concluded that lobectomy without RIA offered excellent results in 1-4-cm tumours.
The second reason for recommending a total thyroidectomy had been to facilitate RIA. The current ATA [26] has modified the 2009 risk assessment of tumours based on the pathological criteria. Patients who have had low-risk tumours have not shown any benefit from radio iodine ablation in several studies and a meta-analysis [27, 28] . There are randomised trials currently underway to examine the benefits of RIA in low-and intermediate-risk DTC. A more selective use of RIA has been advocated in low-and intermediate-risk groups.
Lastly was the difficulty in follow-up of patients who have undergone a lobectomy by using thyroglobulin as a tumour marker. This is not required in low-risk patients as the recurrence rate is low.
A summary of the above-mentioned studies is in Table 2 . Our current recommendation is to perform a total thyroidectomy in tumours more than 4 cm. In tumours less than 4 cm, a lobectomy is sufficient in low-risk patients. But, the patient needs to be counselled adequately regarding the nature of the disease, the need for follow-up and the need for completion thyroidectomy.
Complications
Debate over extent of thyroidectomy relates in part to complications of total thyroidectomy. This includes recurrent laryngeal nerve (RLN) palsy and hypocalcaemia. Most of the thyroid surgery is still performed in community hospitals where the experience with thyroid surgery may be lower when compared to larger institutions. Several recent publications have highlighted the better outcomes of thyroid surgery when operated by a high-volume centre [29, 30] .
Hypocalcaemia and Recurrent Laryngeal Nerve Palsy
In a retrospective analysis of 517 patients by Bhattacharyya [31] , the rate of post-operative hypocalcaemia was 6.2%. Bergenfelz and colleagues reported the complications of thyroid surgery from a Scandinavian audit with 3660 patients [32] . The rate of hypocalcaemia was 9.9% in patients postsurgery and 4.4% patients had persistent hypocalcaemia at 6 months. This was higher than what is generally quoted in literature. This could presumably be avoided if lobectomy is practised.
Seo and colleagues reported the outcomes after total thyroidectomy in 52,707 patients and identified a permanent hypocalcaemia rate of 4.6% in these patients [33] . Rosato et al. showed persistent hypoparathyroidism in 1.7% and temporary hypoparathyroidism in 8.3%. Permanent palsy of the laryngeal recurrent nerve occurred in 1.0% of patients, transient palsy in 2.0%. The superior laryngeal nerve was damaged in 3.7%; dysphagia occurred in 1.4% of cases [34] . Both studies were multi-institutional studies and may better represent the complications in the community, though complication rate may be significantly less in high-volume institutes.
Grover and colleagues from the UK [35] studied that the patient perceived morbidity of thyroidectomy and found persistent moderate voice and swallowing problems after thyroid surgery. Their study included both lobectomy and total thyroidectomy patients, and the individual outcomes for each were not reported. It remains to be studied if these problems are less in lobectomy versus total thyroidectomy patients.
Bhattacharyya [31] reported the rates of unilateral and bilateral recurrent laryngeal nerve palsy following total thyroidectomy. The incidence was 0.7% had unilateral palsy and 0.39% had bilateral palsy. This number suggests that complications following total thyroidectomy are rare if performed in experienced thyroid and endocrine surgery centres. Jeannon and colleagues [36] performed a systematic review with regard to the recurrent laryngeal nerve palsy in 25,000 patients and concluded that the risk of temporary RLN palsy is 9.8% and permanent palsy is 2.3%.
Cost-Effective Analysis
With regard to the financial implications between lobectomy and total thyroidectomy, the evidence is unclear. The merits of a total thyroidectomy include the ease of follow-up with the use of thyroglobulin and obviating the need for serial ultrasound of the neck. However, the need for lifelong thyroxine supplementation and possible calcium supplementation should be considered especially for tumours 1-4 cm.
Shrime and colleagues [37] reported the 20-year cost-effectiveness of initial hemithyroidectomy versus total thyroidectomy in low-risk papillary carcinoma patients. The costs were measured as per the 2005 standard from the US Department of Health and Human Services. Their analysis reported that total thyroidectomy was preferred from a cost-effective point of view, but they cautioned that because of the heterogeneity in the outcomes, further prospective studies were required to validate their findings. Hirsch from Israel [38] also highlighted the more intensive follow-up regimen required in patients who have had an initial lobectomy. This fact remains to be validated in a larger series.
Problems in Conducting a Randomised Trial
Recurrence rates are low especially in low-risk groups. Prospective randomised control studies to characterise disease outcomes and impact of interventions will need huge number patients with extensive years of follow-up and are not considered feasible [39] .
Udelsman et al. [40] noted that to compare the outcomes of the initial operation of the thyroid, a total of 12,000 patients would need to be included in a trial to compare survival outcomes and also mentioned the problems with follow-up in the lobectomy arm. Considering the problems associated with such studies, Esnaola et al. [41] from MD Anderson Texas performed a decision analysis and concluded that in low-risk patients, lobectomy and total thyroidectomy resulted in 31.7 and 32.9 quality-adjusted life years, respectively. Lobectomy became the preferred strategy if subjects were willing to give up 1.5 years of life to avoid thyroid hormone dependency and a remote risk of RIA-induced malignancy.
Are the Complications Rates More for Completion Thyroidectomy?
Re-operations of the thyroid are relatively safe. There exists a theoretical possibility of increased complication rates due to the fibrosis of the surgical field (RLN palsy, hypocalcaemia and wound infections). Several studies and a meta-analysis [42] have failed to identify an increased incidence of surgical complications except for an increased hospital stay.
Is there a Role of RIA in the Setting of a Thyroid Lobectomy in Patients who do Not Have Completion Thyroidectomy?
Kiernan and colleagues [43] studied a total of 32,119 patients in the NCD who underwent lobectomy. A total of 24% of patients in that cohort had RIA. Large tumours and advanced stage were the primary indications for adjuvant RIA. The use of RIA was associated with improved survival at both 5 and 10 years in both univariate and multivariate analysis. In the current context based on these results, patients who are not candidates for completion thyroidectomy may benefit from the use of RIA. Studies performed in India have shown similar outcomes between completion thyroidectomy and lobar ablation with radio iodine therapy [44, 45] . This technique is a viable option in patients unfit for completion thyroidectomy or are averse to having a second operation.
Conclusion
Current recommendations for the extent of thyroidectomy suggest a more limited approach for tumours less than 4 cm. Larger tumours and tumours which have adverse pathological features require a total or completion thyroidectomy with RIA. The lack of randomised trials is evident, and this is due to the complexities involved in recruitment and reporting outcomes. Patient decision-making needs more attention and should be factored when the decision for thyroidectomy is being made.
